Introduction
Nitric oxide (NO) is a ubiquitous physiological mediator involved in a large number of signaling processes ranging from neural communication to vascular tone regulation (1) (2) (3) . NO (24, 29) . Although this analogous P450 model has been the working paradigm for the NOS mechanism, alternative models have been proposed (30) (31) (32) (33) (34) to address serious deficiencies.
The main discrepancy between all the putative models proposed so far resides in the nature of the oxidative species, which directly results from differences in the proposed sequences of electron and proton transfer (30, (32) (33) (34) (35) .
However, on top of controlling the specificity of We have been studying NOS catalytic chemistry for a large series of substrate analogues that were originally designed as alternative, exogenous NO-producing substrates of NOS (40) (41) (42) . Our results have shown that NOS can catalyze the formation of NO by the oxidation of specific L-Arg analogues, mostly non-amino acid guanidines (42) . However, the NOS chemistry seems to vary as a function of the substrate. Firstly, the stability and reactivity of the heme Fe II -O 2 species depend on the nature of the L-Arg analogue bound at the active site (41, 43) . Secondly, the NADPH/NO ratio was shown to dramatically increase in the presence of these guanidine analogues (40, 43) . Finally, the NOS catalytic products were extremely diverse, ranging from the specific and efficient release of NO to the predominant production of various ROSs (40, 43 Table S1 ), matching those reported in the literature for similar compounds (50, 63) .
As expected, the values obtained for alkylguanidines were found between 11.8 and 12.6, near to the pK a value of L-Arg (12.48) (Supporting Information: Table S1 ). This wide 
Discussion
The mechanistic difference between the first and second steps of NOS catalytic activity (Scheme 1) is commonly explained by the difference in pK a of the guanidinium proton of L-Arg and that of NOHA (37) (38) (39) , respectively; see Table 1 ), suggesting that analogues of Family 3 are not significantly interacting with the CO ligand. (Table 2 ). In contrast, the loss of such a strong H-bond would decrease the stability of the Fe II -O 2 complex; this is observed with guanidines of Families 2 and 3 for which the auto-oxidation rates increase by a 100-fold (Table 2) . Thus, the decrease of the guanidinium pK a can be related to the decrease in NO production by the uncoupling of electron by guest, on January 7, 2010 www.jbc.org
Various causes for the changes in Fe

Downloaded from
transfer and the associated release of high amounts of ROS (Table 2) (31) for NOHA oxidation.
Our analysis of the structural and electrostatic influences of the guanidinium pK a , combined with the characterization of NOS-catalyzed oxidation of the series analogues studied (Table   2 ), leads us to propose a model for the mechanism of Fe II -O 2 activation (Scheme 4) that completes the ones proposed by Rousseau (69) and Poulos (39) . High-pK a alkylguanidines (including L-Arg), that favour the formation of the second H-bond between the distal water molecule and the terminal oxygen atom of the Fe III -peroxo complex, prove to be good substrates of iNOS in spite of slightly higher auto-oxidation rates (Table 2) . Reciprocally, no formation of NO was detected for the bound low-pK a arylguanidine analogues for which the above-mentioned H-bond is not present ( Table   2 ). This strongly supports the involvement of two protonation events leading to the formation of a Compound I as the oxidative species for LArg hydroxylation (Scheme 4, Step 1). However, whereas low-pK a arylguanidines failed to become hydroxylated, the corresponding Nhydroxyguanidines still led to significant production of NO (Table 2) (61, 86, 89) . This suggests that the Fe III -peroxo complex might be sufficient to achieve NOHA oxidation ( 
